Palmaz-Schatz stents have been developed and approved by the Food and Drug Administration (FDA) for use in large coronary arteries with diameters Ն3.0 mm (1-3). The goal of this Stent Restenosis Study (STRESS) substudy was to compare the efficacy of elective stent implantation and balloon angioplasty for new lesions in smaller vessels.
Methods
In the STRESS I-II trial, 598 patients with new lesions of native coronary arteries were randomly assigned to either elective placement of a Palmaz-Schatz stent or balloon angioplasty. Patient selection criteria, details of stent technique and primary outcomes have been previously reported for the initial 410 patients (known as STRESS I) (2) . The "STRESS II" component of this trial represents the continuation of the original STRESS trial under an investigational device exemption mandated by the FDA. The participating centers and principal investigators are listed in the Appendix. The study protocol was approved by the Institutional Review Board at each site, and all patients gave written, informed consent. Angiography was performed in paired orthogonal views before and after intervention and at 6 months. Intracoronary nitro-glycerin (200 g) was given before all angiographic assessments. Quantitative angiographic analysis was performed in a core laboratory at Jefferson Medical College using a validated automatic edge-detection program (2,4 -6) . Vessel edges were determined by the computerized algorithm, and lumen dimensions were measured using the guiding catheter as a scaling reference. The diameters of the normal-appearing segments, proximal and distal to the lesions, were averaged to determine the reference vessel diameter. The minimal lumen diameter (MLD), reference diameter and percent diameter stenosis were calculated as the mean values from orthogonal projections.
By quantitative analysis, 331 patients were determined to have baseline reference vessels Ͻ3.0 mm in diameter. In this substudy analysis, the outcomes of stenting versus angioplasty in these patients with small vessels were compared. The primary angiographic end point of the trial was restenosis, defined as Ն50% diameter stenosis at follow-up. The primary clinical end point was defined as the occurrence of any of the following events: death, myocardial infarction, coronary artery bypass graft surgery or repeat angioplasty. Target lesion revascularization was defined as repeat angioplasty or bypass surgery performed because of restenosis.
Outcomes were analyzed by intention to treat. Results of continuous data were expressed as the mean value Ϯ SD, and differences between groups were assessed by two-tailed t tests. Categoric data are presented as rates and comparisons made by chi-square tests. One-year clinical event rates were calculated by Kaplan-Meier curves, with differences between the treatment groups compared by log-rank tests. A p value Ͻ0.05 was considered significant.
Results
One hundred sixty-three patients were assigned to stent placement, and 168 patients were assigned to angioplasty. Baseline clinical and lesion characteristics were similar in the two groups ( Table 1 ). The mean vessel size was 2.69 mm in the stent group and 2.64 mm in the angioplasty group (p ϭ NS). Procedural success, defined as Ͻ50% residual stenosis, was achieved in 100% of patients assigned to stenting and in 92% of patients assigned to angioplasty (p Ͻ 0.001). Abrupt reclosure during the first 30 days was 3.6% in both groups. Vascular complications requiring transfusion or surgical treatment were also comparable (7.9% after stenting and 6.6% after angioplasty, p ϭ NS).
Results of quantitative coronary angiography are shown in Table 2 . At baseline, there were no differences in stenosis severity or MLD between the two groups. After the procedure, a larger acute gain was achieved with stent placement, resulting in a larger mean MLD in the stent group (2.26 vs. 1.80 mm, p Ͻ 0.001). Follow-up angiography was performed in 84% of eligible patients. The stent group had a greater late loss in MLD (0.75 vs. 0.56 mm, p ϭ 0.005) but greater overall net gain (0.84 vs. 0.57 mm, p Ͻ 0.001), resulting in a larger MLD at 6 months (1.54 vs. 1.27 mm, p Ͻ 0.001). Cumulative frequency curves of MLD at baseline, after the procedure and at follow-up are plotted in Figure 1 . Restenosis rates are shown in Figure 3 . For the entire cohort of patients, restenosis was observed in 47 (34%) of 139 lesions in the stent group and in 66 (55%) of 121 lesions in the angioplasty group (p Ͻ 0.001). Compared as a function of the reference vessel size, the restenosis rates for stenting and angioplasty, respectively, were 36% versus 50% in 2.75 to 2.99 mm arteries (p ϭ 0.125), 34% versus 59% in 2.50 to 2.74 mm arteries (p ϭ 0.024) and 30% versus 57% in Յ2.49 mm arteries (p ϭ 0.028).
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Rates of major cardiac events at 1 year are shown in Table  3 . One-year survival was excellent in both groups: 99.4% in the stent cohort and 98.2% in the angioplasty cohort (p ϭ NS).
Repeat target lesion revascularization was significantly less frequent in the stent group (16.1% vs. 26.6%, p ϭ 0.015). Event-free survival (Fig. 4) was 77.9% in the stent group and 67.3% in the angioplasty group (p ϭ 0.019). Thus, stenting conferred a 33% reduction in cardiac events compared with balloon angioplasty.
Discussion
The complex, vexing problem of restenosis after balloon angioplasty is influenced by a variety of clinical and anatomic factors. One important anatomic factor is vessel size, because the restenosis rate is inversely rated to the reference vessel diameter (7, 8) . In the Multi-Hospital Eastern Atlantic Restenosis Trial (M-HEART) of 598 patients undergoing conventional balloon angioplasty, Hirshfeld et al. (7) reported a significantly higher restenosis rate of 44% in vessels Ͻ2.9 mm compared with a restenosis rate of 34% in vessels Ͼ2.9 mm. A similar relation between vessel size and restenosis was observed in the angioplasty arm of the STRESS trial (2). Accordingly, interventions designed to ameliorate restenosis would have a greater relative impact if applicable to smaller vessels.
Elective stenting in small vessels. The Palmaz-Schatz stent was designed to reduce restenosis in large arteries with diameters Ն3 mm. The present study suggests that elective stent placement may be highly effective for smaller vessels. Compared with balloon angioplasty, stent placement was associated with a 38% relative reduction in restenosis and a 33% reduction in clinical events. These results have potentially far- reaching implications, because the routine use of stents in small vessels would significantly enlarge the population of patients who would be candidates for this breakthrough technology. Approximately one-half of coronary interventions involve vessels Ͻ3.0 mm in diameter, with 30% of procedures performed in 2.5 to 2.9 mm vessels (9) .
Stent thrombosis. The potential for stent thrombosis remains an important concern for stents in small vessels. Previous studies of both the Palmaz-Schatz and Gianturco-Roubin stents have demonstrated an inverse relation between vessel size and the risk of stent thrombosis and early ischemic complications (10, 11) . Although the present study was performed using an anticoagulation regimen consisting of aspirin and warfarin (Coumadin) without routine high pressure stent deployment, the rate of abrupt reclosure was the same for the stent and angioplasty groups. Nevertheless, the results of the large French Multicenter Registry suggest that small vessel size remains an important risk factor for stent thrombosis in the current era of adjunctive aspirin and ticlopidine therapy without Coumadin (12) . In this prospective registry of 2,900 patients, thrombosis occurred in 10% of vessels treated with stents sized Յ2.5 mm versus 1.5% of vessels treated with stents sized Ն3.0 mm.
Study limitations. Although the current findings were based on quantitative coronary analysis, the STRESS trial protocol included only patients with vessels of ϳ3 mm (or larger) in diameter by visual estimate. Accordingly, the trial was not designed to test the efficacy of stenting in arteries that the investigator subjectively perceived to be small. It should be noted in this regard that the mean vessel size by quantitative analysis in our study was Ͼ2.6 mm. However, even in the cohort of patients with the smallest vessels (Ͻ2.5 mm), stenting conferred a significant benefit on the 6-month angiographic results. It is also important to note that the STRESS trial was restricted to new focal lesions in the native circulation. These results cannot be extrapolated to patient groups excluded from the trial, including those with long, diffuse lesions or restenotic lesions.
A final limitation of this study is the lack of costeffectiveness data. The routine use of stents in small vessel intervention could potentially have significant economic consequences. Procedural expenses would increase owing to the additional costs associated with stent implantation. In contrast, the reduction in repeat revascularization procedures would provide a significant cost savings. Future studies will be needed to assess the economic implications of elective stent placement in the treatment of smaller coronary arteries.
Conclusions. This study suggests that elective stent placement provides superior angiographic and clinical outcomes to balloon angioplasty in vessels slightly smaller than 3 mm. However, the study is limited by the retrospective nature of the analysis. These promising results will be reassessed by the STRESS IV trial, a prospective comparison of stent placement and balloon angioplasty for small coronary arteries, using a customized slotted tube stent designed for vessels 2.25 to 2.75 mm in diameter. 
